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Prefscft 


During  the  7£St  decaSs;  the  field  of  surface  ehaaistry 
has  been  enriched  by  the  f:K>ntributloD9  emanating  from 
Professor  Ifysels”  laboratory  at  tho  Unleerelty  of  Soathem 
Collfornla.  The  highest  order  of  esqtes^laental  eoeuraoy 
and  reliability,  not  divorced  from  great  Insist  Into  the 
nature  of  surface  yhenoaena,  have  charaeterlBed  the  work 
of  that  laboratory.  Lloyd  Oaalpov,  reviewer  of  Soap 
yilaa  In  J.  Cham.  Ed,,  (i960) 


These  kind  words  of  a  ravlever  do  not  point  out  that  the  bulk  of 
the  work  referred  to  was  made  possible  by  the  OHR  contract  for  which  this 
Is  the  final  report.  I  am,  howavw,  very  much  smre  of  this  fact  and 
realise  that  without  this  sustained  su]^rt  oy  efforts  would  have  been 
much  less  productive,  end  oy  students  and  eoworkere  would  not  have  been 
able  to  develop  to  the  extent  they  did. 

It  Is  therefore  fitting  to  begin  this  report  by  an  e^opreaBlon  of 
sincere  gratitude  to  the  organtsatloa  and  the  responsible  Indlvlduala 
la  it. 


Itttrodaetlo!! 


This  report  ounurlMO  tho  vork  acecKpUshed  uador  Contract 
loar>27l»(000)9  Project  (foreerljr  BR05^-2^)  during  its  llfetiae 

free  April  I95I  to  Boeanber  30^  I96I.  The  firet  eectlon  (pp.  2-li6)  glrea 
a  brief  suonary  of  the  eeleatifie  results^  the  aeeond  section  (pp«  17-19) 
dbaala  vith  the  personnel  involved  in  it^  the  third  section  C  pp.  20-22) 
lists  the  Bcientlflc  publicetions,  and  the  fourth  section  (pp.  Zi-2k)  the 
technical  reports. 
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I.  SCIEHTIFIC  RESULTS 


Introduction 

Work  under  this  contract  began  a  decade  ago.  At  that  time  it  ms 
mil  established  that  solutions  of  association  colloids  formed  micelles 
at  hi^  concentration^  it  was  generally  believed  that  at  low  concentra¬ 
tions  they  behavt^d  as  sJjnnle  one-one  electrolytes,  while  these  two 
pegimos  mre  separated  by  a  relatively  uncertain  critical  region*  Hie 
size,  shape  and  structure  of  tlie  micelle  were  subjects  of  controven^ 
betieen  ertrone  vietra,  and  almost  nothing  waa  Imown  about  its  charge. 

Except  for  the  light  scatteid.ng  method  which  had  been  just  developed  by 
Debye,  there  were  no  techniques  for  observing  the  behavior  of  micelles 
themselves,  and  theoretical  interpretations  were  in  terms  of  first  and 
very  rough  approximations* 

Today  the  situation  is  very  different*  The  methods  for  measuzdng 
the  properties  of  micelles  have  been  greatly  improved  and  their  interpre¬ 
tation  is  much  more  sophisticated*  As  a  result  rather  narrot^  llmitB  can 
be  placed  on  their  size,  charge,  shape  and  s'bructure  for  those  systems 
that  have  been  studied  in  detail  and  it  is  only  a  matter  of  time  and 
effort  to  obtain  this  type  of  information  for  other  systems.  Methods  of 
studying  the  region  of  the  c  ritical  micelle  concentration  have  also  been 
.lmpro'';ed  and  their  limitations  have  been  understood  so  that  this  region 
too  Is  quite  vrell  understood.  In  contrast,  the  dilute  solutions  now 
appear  more  complicated  than  waa  belierved  earlier  and  there  is  considerable 
disagreement  as  to  their  nature*  This  in  turn  introduces  an  uncertainty 
into  the  final  details  of  interpreting  measurements  on  micelles  and  on 
the  critical  ndcolle  concentration  and  affects  much  of  the  theoretical 
interpretation  In  terms  of  forces  governing  the  fonnation  of  ndcelles* 


The  nmbers  in  parentheses  refer  to  the  bibliography  of  publleations  in 
Section  17.  TR  menbers  refer  to  the  list  of  reports  in  Section  HI. 
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Thus  considerable  'proffcees  has  been  oade^  but  the  total  ploture  Is 
still  not  ccB5>letc3y  dear.  This  procress  has  been  the  result  of 
contributions  frem  nangr  laboratories  and  ZDangr  vioriters.  The  following  will 
tarlofly  sunsnarise  the  part  played  by  imrk  under  this  invjeet* 


Ifethods  and  Techniques 

1o  Tracer  methods.  Our  oidglnal  reason  for  entering  the  study  of 
association  colloids  was  the  conception  of  the  tracer  method  for  the  study 
of  rdeelleStt  It  involves  the  use  of  wateivlnsoluble  dyes  whLeh  are 
slightly  soluble  in  micelles.  Thus,  the  dye  has  to  always  remain  in  a 
miealle  and  move  idLth  it.  By  observing  the  motion  of  the  d3re  one  observes 
therefoTO  the  motion  of  the  micelle.  Because  it  is  only  seldom  that  more 
than  one  dye  molecule  is  dissolved  in  a  micelle,  the  properties  of  the 
mlooUes  are  not  changed  appreciably,  and  since  the  dye  is  eoopletely 
hydrophobic,  it  stays  Inside  the  micelle  and  does  not  affect  its  surface, 
this  method  of  "painting  the  micelle  rod  in  order  to  follow  its  movement" 
has  been  applied  to  electrophoresis  and  to  diffusion. 

In  case  of  electrophoresis  a  oompletely  netr  approach  had  to  be  used 
because  of  the  absence  of  stabilizing  density  differences  present  in 
conventional  methods.  The  apparatus  developed  (2)  is  very  simple  and 
its  accuracy  is  limited  mainly  by  that  of  the  analytical  deteimination  of 
the  tracer.  It  can  be  used  not  only  with  micelles  tagged  ty  the  above 
method  but  also  TTith  the  more  conventional  radioactive  tracers  either  for 
siaple  ions  or  largo  colloidal  particles.  The  method  has  been  used  by  ua 
in  the  study  of  the  electrophoretic  mobility  of  mioellos  (2)  and  their 

*  H.  W.  Hoyer,and  K.  J.  Ilysels,  "A  Method  for  Detcnnlning  the  Properties 
of  IHcelles,"  J.  Fhys.  and  Colloid  Chan.,  966  (1950). 

Also,  K.  J.  l^rsels,  "Tagging  the  Elusive  Micelle,"  Research  Reviews  (Office 
of  Ilaval  Reseurch),  Septonber,  1953#  P»  l5. 
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counterions  (6)  in  sodium  lauiyl  sulfate*  It  has  been  used  later  brjr 
Professor  Iloyer  for  siiailar  determinations  on  a  variely  of  micelles  and 
also  In  our  laboratory  for  the  study  of  human  serum  albumin  under  a 
variety  of  conditions  not  accessible  to  conventional  oothods*  In 
addition  to  its  simplicity,  this  ”open  tube"  tracer  electrophoresis  method 
has  the  advantages  of  completely  eliminating  so-called  boundary  anomalies 
■which  In-troduce  some  uncertainty  into  more  conventional  moving  boundaxy 
methods,  of  being  applicable  over  a  much  wider  range  of  concentrations 
and  ionic  strengths,  and  of  being  usable  xri.thout  ccmpllca'tlons  over  a  wide 
range  of  -tecqjeratures.  In  the  study  of  micelles  it  has  ■the  dear 
advantage  of  measuring  on3y  ■the  electrophoretic  mobility  of  itdeelles  and 
not  being  influenced  by  the  mobility  of  either  aiy  supporting  electrolytes 
present  or  ■the  non-micellized  components  o 

\Je  also  do^veloped  aiwbher  tracer  eleo'trophoresls  method  ($)  ■Hhich 
■was  an  Improvement  over  a  me-thod  published  by  Brady  and  involved,  like 
his,  ■the  use  of  a  fritted  glass  disc*  Because  of  ■the  ever-present  problem 
of  the  possible  disturbing  effect  of  ■the  large  surface  of  the  frit,  we 
have  used  this  mc'fchod  only  ■to  check  the  open  tube  method  and  did  indeed 
ob'taln  concordant  results. 

In  order  to  study  the  self  diffusion  of  tagged  micelles  we  developed 
a  nei^  method  for  measuring  diffusion  coefficients  using  sintered  glass 
discs  to  immobiliae  the  liquid  (l).  This  turned  out  to  be  useful  not  only 
for  tracer  sjrstetns,  but  also  for  those  using  a  concentration  gradient. 

VJhile  someidiat  tedious,  ■the  method  is  perhaps  the  best  one  available  for 
measuring  the  self  diffusion  of  particles  ha'rtng  a  Ixni  diffusion  coefficient. 
It  Is  also  periiaps  ■the  most  direct,  and  qul^te  an  accura'te  one,  for  measur¬ 
ing  ■their  diffusion  coefficient  tilth  a  concentration  gradient.  However, 
it  can  be  used  only  tJith  systems  which  are  not  affected  by  ■the  large 
glass  surface  present  in  the  frit,  thifortuna-tely,  it  turned  out  later  (9) 
that  the  part.icular  system  for  tdiich  we  used  it,  namely,  sodium  lauryl 

*  H«  U.  Hoyer  and  A.  Greenfield,  J.  Phys.  Chem.,  6l,  735  (1957)|  H.  W. 

Hoyer,  A.  llarmo  and  II.  Zoelner,  ibid,,  1(k)irTl96l). 

^  K.  J*  lysels  and  E.  K.  lysels,  J.  Am.  Chen.  Soc«,  33  .  20li9  (I96l). 
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sulfate,  uas  indeed  affected  seriously  by  this  surface  Trhlch  eatalyzes 
the  hydrolysis  of  the  ester  linkage  and  causes  the  foxtnation  of  lauryl 
alcohol  and  sulfuric  acid.  Hence,  the  results  irtiich  we  published  on  this 
subject  and  Tirdch  sconed  very  interesting  at  the  time  are  probably  in 
error  by  an  undetermined  anount.  Nevertheless,  the  method  could  be  used 
effectively  for  a  number  of  other  surfactants  not  adsorbed  or  hydrolyzed 
by  -the  ^ss  surface. 

2.  Light  scattering.  In  folloolng  up  seme  earlier  light  scat-tering  work 
in  -this  laboratory  vtB  found  -that  precise  results  re<]uired  considerable 
impro-vements  in  both  -the  standardization  of  the  equipment  and  especially 
in  the  purification  of  solutions.  It  was  in  this  connection  that  the 
effect  of  frit-bed  glass  upon  the  iydrolysis  of  sodium  lautyl  sulfate  was 
discovered  and  finally  T^’ays  of  obviating  it  vjere  developed  (9).  This 
permitted  us  -to  obtain  highly  accurate  measurements  on  solutions  of 
several  lauryl  sulfates  (9),  but  the  technique  is  so  cumbersome  and  deli* 
ea-te  that  vie  did  not  push  it  further. 

3«  Conductivity  measuremonts.  Both  electrophoresis  and  diffusion  measure¬ 
ments  required  auxiliary  determinations  of  elec-tric  conductivity*  later 
we  used  these  determinations  as  our  primary  -bool*  In  the  course  of  this 
work  we  gradually  improved  the  design  of  the  cells  (16)  -bo  a  point  there 
measurements  of  very  high  precision  (of  -bhe  order  of  ten  ppn)  can  be 
perfoxmed  qui-te  easily  and  rapidly*  The  big  s-bep  here  t«s  the  ’'doughmit" 
design  vhich  pozmi-bs  excellent  hydrodynamic  contact  of  -the  measuring 
area  tilth  another  reservoir  with  negligible  electric  interaction  between 
the  two. 


Ila-tetrlals 

Al-thou^  there  are  sl^ficant  results  that  can  be  ob-tained  with 
impure  association  colloids,  quantitati-ve  results  and  quanti-tative  in-bei^- 
preta-bion  generally  require  materials  of  high  puri-ty.  Yet  there  are  no 
s-tandards,  no  recognized  me-thods  of  purification,  no  cri-teria  of  purlty 
that  can  be  depended  upon*  Hence  preparation  of  pure  materials  is  quite 
difficult  and  has  consuned  much  more  of  our  time  and  effort  than  would 
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appear  from  the  brief  description  in  the  reports  and  pubHcations. 

Sodinn  lamyl  snlfate*  Host  of  oto*  -crork  was  done  with  sodiun  lauryl 
sulfate  which  was  prepared  by  conventional  methods.  For  many  years  no 
difficulties  were  encountered  and  a  pure  material  was  repeatedly  prepared 
or  recovered  (3#U96,10,11,1lt,lS).  About  195>8,  horjever,  an  apparently 
subtly  different  material  xma  obtained  tjhiiih  seemed  equally  iJure  but 
had  a  slightly  different  equivalent  conductivity  below  the  c.m*Co  (17)* 
Despite  consldesratle  effort  tJe  have  been  unab  le  to  establish  the  cause  of 
this  discrepancy,  but  we  believe  that  it  has  little  effect  on  any  of  our 
results. 

Other  lauryl  sulfates.  We  have  developed  a  method  for  preparing 
pure  silver  lauryl  sulfate  from  the  sodium  salt;  This  involves  a  delicate 
recrystalllzation  over  a  narrotj  temperature  I’ang  -  (12).  From  this  a 
variety  of  other  soluble  lauxyl  sulfates,  such  aa  those  of  tlie  alkali  metals 
and  of  a  series  of  quartemary  allyl  ammonim  iom, ,  have  been  prepared  by- 
double  decomposition  vrith  the  corresponding  halide  (‘i2). 

Sodiun  decyl  sulfate.  The  solubility  of  this  salt  makes  the  usual 
methods  of  purification  almost  worthlesso  We  have  tl  ©refore  developed  the 
new  approach  of  rcciystallizing  the  alcoholate  to  remove  all  inorganic 
salts  and  followed  this  by  extraction  of  the  alcohol  wVtIx  ether  xMch  is 
quite  easy  (19)# 

Sodiun  tetradeoyl  sulfate.  The  purification  of  -this  ma-terial 
proved  imexpectodly  dlfficxfLt.  We  ha-ve  spent  much  time  c/btempting  to 
remove  the  alcohol  by  extraction  with  ethor,  but  found  tiic.  t  the  extraction 
was  so  slow  that  hydrolysis  due  to  traces  of  water  set  in  long  before  it 
x«s  completed.  A  variety  of  recrystallization  attempts  also  led  to  no 
result.  We  are  now  studying  a  very  promising  method,  namely  ,>  sublima-tion 
of  the  alcohol  in  high  vacuun.  Ihe  difficulty  here  is  the  de-«relopment 
of  auxUiaiy  techniques  xjhich  xwuld  indicate  xhen  sufficient  purification 
has  been  attained.  Wheax  sufficiently  perfected,  this  hi|^  vacuum  method 
should  give  us  not  only  the  pure  “tetradecyl  sulfate,  but  also  other  oonpounds 
in  a  higher  degree  of  purity  than  heretofore  obtainable  and  in  addition 
provide  infoimation  about  the  phase  behavior  of  the  alkyl  sulfate  -alcohbl 
systems  (unpublished). 
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llieoretleal  Ifark 

Light  Scattering 

Results  of  light  scattering  measuresnents  on  association  colloidal 
electrolytes  were  first  interpreted  bjr  Debye  tiithout  talcing  into  account 
their  charge*  later,  the  effect  of  tlie  charge  upon  the  extent  of  fluctua¬ 
tion  was  taken  into  account*  Soo  thereafter,  under  this  project  a  discus¬ 
sion  of  the  effect  of  charge  upon  the  optical  efficiency  of  fluctuations 
was  given  in  easily  visualized  terms  and  along  with  a  discussion  of  the 
effect  of  the  equilibrium  beti/cjen  micelles  and  monomers  (?)•  Almost 

simultaneously  a  somerAiat  more  rigorous  treahnent  of  this  effect  of 

# 

charge  on  optical  efficiency  las  given  by  Prins  and  Hermans.  Ife  disagreed 
with  certain  minor  points  in  that  treatment,  and  ve  also  needed  results 
expressed  in  terms  of  operational  quantities  and  therefore  presented  a 
final  version  of  this  approach  (9).  late^  details  dealing  with  polydispersed 
systems  were  added 

This  theory  attempts  to  obtain  an  accurate  molecular  Tjeight  but  only 
an  effective,  thermoefynamie  charge  which  is  certainly  much  lower  than  tlie 
true  charge  of  the  particle.  Recently,  more  elaborate  toreatments  have 
appeared  whose  purpose  it  is  to  interpret  light  scattering  in  terms  of  the 
true  wei^t  and  the  tirue  charge  of  the  particle.  It  still  is  not  clear 
vdiether  the  results  of  these  more  coirolicated  theories  are  really  different 
for  the  molecular  weight  while  admittedly  the  values  for  the  charge  are 
closer  to  the  true  value. 


The  Composition  and  Thermodynamics  of  Mixed  Ilicelles 

Ey  careful  analysis  of  the  significant  factors  determining  the 
conductivity  of  a  micellar  system  we  have  been  able  to  develop  a  method 
(17)  for  Interpreting  the  conductivity  of  mixed  systems  in  terms  of  the 

W,  Prins,  Thesis,  Leyden,  19^5j  Prlns  and  J.  J.  Hermans,  Proc,  Kon. 
Neder.  Akad.  I  Jet.  298  (1956), 

^  Vrij,  Thesis,  Utrecht,  1959;  D,  Stigter,  J.  Phys,  Chem.,  8lj2  (I960), 
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ccBiposltlon  of  micelles,  i^e*,  of  the  percentage  of  ths  tw  canpononts 
present  in  the  micelle  •  This  Is  a  quantity  which  has  not  been  heretofore 
available  and  is  required  in  any  evaluation  of  the  interactions  that 
occur  inside  the  micelle.  Then  in  order  to  evaltate  this  interaction  we 
clarified  the  asstmiptions  in  prior  discussions  of  the  theory  of  mixed 
micellizatlon  and  introduced  corrections  for  nonideality  (l8).  The 
results  were  again  expressed  in  operational  quantities  so  as  to  give  a 
direct  evaluation  of  the  e3q)erlments.  A  sljrple  criterion  for  ideality  or 
nonideality  of  the  monomeric  solution  bathing  the  mledlea  was  developed 
incidentally  to  this  treatment  (18). 


meellar  Density 

Ihc  interpretation  of  Idnetic  properties  of  the  micelle  in  teims  of 
its  structure  and  hydration  requires  a  knowledge  of  the  voltme  oeot^ded 
by  the  mieelle-fozming  ions  themselves.  An  analysis  of  this  problem  in 
terns  of  the  beat  available  knotrledge  about  the  volumes  of  individual 
ions  and  about  electrostriction  has  been  presented  (TR  12).  Publication 
of  this  work  has  been  delayed  pending  the  appearance  of  supporting 
references  based  on  some  other  vrork  of  Dr.  Mukerjee.  Now  that  these 
references  have  been  published.  Dr.  Tulterjee  is  Introducing  some  further 
refinements  Intc'  his  manuscript,  and  it  should  be  resubmitted  for  publioa* 
tion  soon* 


Eleotrodiffusion 

Consideration  of  xdiat  happens  during  cleotrolysis  of  a  reacting 
system  such  as,  for  example,  a  micellar  system  in  which  tiie  sodium  ion  is 
sometimes  attached  to  the  micelle  and  sometimes  ftee,  or  the  water  molecules 
are  sometimes  moving  as  part  of  the  hydration  shell  of  on  ion  and  sometimes 
not,  led  to  the  development  of  tho  theory  of  such  processes »  It  turned 
out  that  the  reaction  during  electrolysis  Introduces  an  additional 
diffusion  effect  which  was  termed  "electrodiffusion."  Quantitative 
considerations  indicated  that  it  should  be  possible  to  measure  Ihe  reaction 
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rate  Isy  detezmijniiig  this  electrodiffusion.  This  method  could  have 
oosslderable  advantages  in  that  It  is  applicable  to  quite  fast  reactions 
having  a  half-life  of  a  second  or  less,  yet  is  to  be  applied  to  an 
eqtiillbritBi  synten  and  Involves  experiments  tdilch  are  quite  Isisuzely 
since  nhat  is  measured  is  the  diffusion  resulting  frca  the  raaetion 
process  being  repeated  many,  many  times  (B)« 

Publication  of  this  theory  vas  foUowed  by  several  papers  from 
other  laboratories  and  also  led  to  additional  vork  here  under  an  NSF 
grant*  It  turns  out  that^  vhile  the  original  paper  contained  minor 
errors^  the  approach  is  sound  in  principle^  but  that  experimeotal 
difficulties  still  remain  to  be  overcome* 

The  Stroctore  of  the  MtceUe 

1 •  Siae  and  shape*  On  the  basis  of  light  soattering  data  the 
molecular  weight  of  the  micelle  must  be  of  the  order  of  18,000  correspond¬ 
ing  to  slightly  over  6o  monomers  aggregating  to  form  the  ndoalleo  This 
refers  to  the  surfactant  dissolved  in  pure  water.  In  the  presence  of 
sodium  chloride  the  molecular  weight  Increases  reaching  about  UI9OOO  in 
K  IlaCl  (114)0  The  data  in  the  presence  of  sodium  diloride  scan  to  be 
more  certain  as  excellent  agreanent  is  obtained  between  three  laboratorlee* 
In  pure  water  our  results  are  seme  20^  higher  than  the  others,  but  we  hope 
that  our  results  are  closer  to  the  truth  because  of  the  care  with  ^diich 
our  standardisation  was  conducted  and  our  material  prepared.  Ae  indicated 
above,  it  is  likely  that  the  uncertainty  in  interpretation  is  by  now  very 
email* 


The  nature  of  the  counterion  has  a  email  effect  on  the  bIsm  of  the 
micelle,  but  this  effect  Is  not  ae  pronounced  as  mxm  the  eritioal  micelle 


f,”' . 

lamm,  Acta  Chem*  Scand.,  1S^6,  10,  1132 1  Giddinge,  J*  Chem*  Fhys*,  26, 
1755  (1^)f  I^UDggroi,  Acta  Chen*  Scand*,  12,  1529  (1958)|  Bak  anl 
Kaunan,  Trans*  Faraday  Soc*,  55*  110?  (195S^  LJunggren,  Trans.  Roy. 
Inst.  Teehnol*  Stockholm,  195!^  II42. 


Seholten  and  lyeels,  Trans.  I^raday  See*,  56,  9914  (i960}}  Scholten  an 
l^els,  ibid.,  76I4  (1961)1  Seholten,  iSSb,  Biochem.  Bloplys*, 

f6Q  (l96TTr 


Seholten  and  lysels,  J*  Chem*  Fhya.  (In  press) (1961)* 
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The  SBaaUnesa  of  the  nieelle  tbos  established  makes  angr  Xamellar 
or  sanduloh  strocttare  highly  Improbable,  because  the  sides  or  periphery 
of  the  lamella  wuld  have  to  have  a  much  greater  surface  than  its  two 
faces  e  In  fact,  only  about  half  of  the  monomers  could  be  hidden  inside 
the  lamella,  and  the  other  half  mould  have  to  form  its  periphexya  Both 
the  concentration  of  charges  on  the  face  of  the  lamella  and  the  ea^sure 
of  large  hydrocarbon  areas  malces  such  a  structure  quite  unreasonable*  On 
the  other  hand,  a  spherical  micelle  containing  some  60  to  70  numomers  has 
a  radius  much  smaller  than  the  length  of  a  moleonle  so  that  there  is 
no  difficul'ty  about  filling  the  center  of  the  sphere  and  giving  each  tail 
a  great  deal  of  i^edom  of  motion  within  the  mieeUe* 

2.  CharKe*  Our  measurements  of  the  mobility  of  the  Sodium  constituent 
in  soditan  lauxyl  sulfate  solutions  in  water,  combined  with  results  of 
eonduetivity  measurements  on  this  systm,  and  of  mobility  determinations 
of  its  micelles  by  the  tracer  electrophoresis  method,  show  that  the 
true  electrokinetic  degree  of  ionijsation  of  the  micelle  is  about  28^  (6)* 
Ihis  means  that  for  each  100  lauxyl  sulfate  ions  aggregated  to  form  a 
micelle  about  72  sodlun  ions  are  attached  strongly  enoxtgh  to  the  surface 
of  the  micelle  not  to  contribute  to  conductivity*  This  la  in  very  doss 
agreement  dth  a  con?)letely  different  interpretation  of  the  eleotrophorstlo 
mobili-ty  of  the  micelles  based  on  micellar  size  and  the  diffused  double 
lasrer  theory  of  relation  beti^een  mobility  and  charge* 

The  same  measiirementB  (6)  indicated  that  the  ndLoelle  is  more  loniaed 
at  higher  concentrations  than  at  low  concentrations*  Similar  effects 
have  already  been  observed  by  Bartl^  and  named  "retrograde  ionization*" 

It  is  a  sutprislng  result  because  clearly  the  activity  of  sodium  ion 
increases  with  the  concentration  of  sodium  lauxyl  sulfate,  and  therefore, 
according  to  the  lav  of  mass  action,  one  would  eaq»ot  a  loner  degree  of 
ionization*  In  fact.  Hartley  tended  to  consider  the  effect  as  an  artifact 
produced  by  the  "heterogeneidy"  of  the  solution  (concentration  eleotrolyte 

*  Stigter  and  l^jrsels,  J.  Ptys.  Chan., 


11 


arovoi  the  micelle)  very  dllixted  one  in  between) . 

Veiy  recently^  hoirever)  we  have  been  able  to  obtain  the  eonductlvltgr 
of  the  micellar  ccmponent  In  the  presence  of  high  conoentratlons  of  salt 
and  find  that  it  is  essentially  constant,  although  it  ^ould  decrease 
marlfedly  if  the  degree  of  ionization  remains  the  same  (unpublished )«  This 
tre  feel  is  a  definite  proof  of  the  reality  of  the  "retrograde"  ionizationo 
The  behavior  seems  somexThat  less  paradoxical  at  present  because  we  know 
that  the  size  of  the  micelle  (hanges  at  the  same  time  so  that  the  degrees 
of  ionization  cannot  be  directly  compared.  However,  ary  good  rationale 
for  it  still  is  lacking. 

I'Jhile  the  above  electroldnetic  measurements  give  information  about 
the  true  chaise  of  the  micelle,  we  have  interpreted  light  scattering 
results  in  terms  of  an  effective  charge  on  the  basis  of  which  the  thermo¬ 
dynamic  behavior  of  tire  micelles  can  be  explained.  This  degree  of  ionlza* 
tion  is,  as  would  be  elected,  lower  and  of  the  order  of  l5»l8jS  (lU). 

The  experimental  results  on  which  these  calculations  are  based, 
particularly  the  electroldnetic  measurements,  are  considered  to  be  of  a 
much  higher  order  of  accuracy  than  the  present-d^  interpretation. 

As  the  theory  of  the  double  layer  becomes  more  sophisticated,  and  it  is 
likely  that  the  use  of  cenputers  will  lead  to  considerable  improvement 
in  the  very  near  future,  it  is  possible  that  the  charges  caltimlated  id.ll 
be  revised,  and  if  so,  the  revision  is  likely  to  be  upwards.  However,  the 
basic  finding  that  the  micelle  is  charged  and  renalns  charged  at  high 
electrolyte  concentrations,  but  that  only  a  minority  of  the  counterions  are 
ionized,  is  not  lilcely  to  be  modified. 

3.  Mixed  micelles .  life  have  also  confirmed  that  mixed  micelles  are 
formed  among  homologues  such  as  sodium  de<yl  and  dodecyl  sulfate  and  have 
been  able  to  determine  for  the  first  time  and  quite  esactly  how  the  mole 
fraction  In  the  mloelle  varies  with  the  mole  fraction  in  the  solution. 

The  results  show  that  the  system  is  not  ideal  and  that  the  deviation  from 
ideali  ty  may  reach  However,  closer  analysis  shows  that  at  least  part 

of  the  deviation  of  the  system  from  ideality  Is  due  to  the  monomers  rather 
than  to  the  micelles. 
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The  c>in.c»  re/doo 

The  CoffloC*  is  the  only  concfcjntration  at  tMch  an  eqailibrlian  between 
micelles  and  monomers  exist  and  at  which  the  concentration  of  both  is 
known,  that  of  the  micelles  being  sufficiently  mall  to  be  considered  a 
constant  and  that  of  the  monomers  (or  more  exactly,  of  the  umieelllBed 
solute)  being  equal  to  the  stoiehlcimetrie  concentration*  Hence,  changes 
in  the  c*m*e*  are  a  sensitive  measure  of  the  balance  of  forces  causing 
the  foxnation  of  mieelles,  provided  that  the  clianges  in  the  monoBnerie 
solution  are  tiell  understood* 

1*  Sodium  lauryl  sulfate  and  salt*  Since  interpretation  of  the 
experimentally  measured  behavior  of  micelles  in  terms  of  their  structure 
generally  requires  extrapolation  to  conditions  under  which  interaction 
betweai  the  micelles  is  negligible,  i*e»,  to  aero  concentration  of 
micelles,  we  were  concerned  Tri.th  establlsh/ing  this  concentration,  i*e., 
the  critical  micoUe  concentration,  or  e*m»c*  In  order  to  make  sure 
that  this  concentration  was  meaningful,  vrs  used  three  different  methods, 
namely,  electrical  conductivity,  light  8r;att€ring,  and  dye  8oltd>illaatlon* 
We  found  that,  ^Mle  each  method  had  its  limitation,  they  all  gave  oonsls- 
tent  results  (U)* 

Ihese  results,  hojiever,  did  not  dgrce  Td.th  the  "spectral  change"  <Hjre 
method  which  was  then  vezy  popular*  Cither  worlc  has  since  then  shown  that 
the  spectral  change  method  involved  r/ubstantial  systematic  errors  because 
the  dye  z^acted  XTith  the  surfactant  to  fom  Insoluble  products  ^Moh  also 
induced  micelle  fozmations  at  conce/rbrations  vAiere  pure  mieelles  were 
unstable* 

Our  meosuremente  extended  f/.om  pure  water  to  0*U  M  eodltxa  chloride, 
and  while  the  values  in  pore  wat/rr  are  now  generally  accepted,  those  at 
high  salt  concentrations  have  b^^en  challenged*  We  have  therefore 
returned  to  the  subject  \^Z7  zvicently  td-th  the  Improved  oonduetivlaietrle 

I^ukerjee  and  lysels,  J.  /jti.  Chera*  Soc*,  77,  2937 
**  Matljevlc  and  Bothica,  Vrans*  Faraday  Soc*,  TS?  (1958). 
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teehxd.qud  and  been  able  to  coafirm  unanblguoasly  the  essential 
oorrectness  of  our  published  results  in  the  presence  of  large  eoneentm* 
tion  of  salt  (unpublished) o  These  measurements  have  also  led  to  the 
surprising  discovery  that  at  sufficdently  hi^  salt  concentrations  the 
conductivity  of  the  micelles  becomes  the  same  as  that  of  the  monomers  so 
that  conductivlmatrlc  measurements  do  not  show  any  cliange  at  the  c«m*e* 
at  about  O.U  II  UaCl  (unpublished )«  lather  an  actual  ireversal  can  be 
observed  at  still  higher  concentrations  has  not  yet  been  established* 

2«  Effect  of  alcohol*  In  connection  with  our  li^ht  scattering 
measurements  we  have  also  investigated  what  happens  in  the  e*m*c* 
region  when  the  most  tdbiquitous  imparity^  namely >  the  alcohol  of  same 
chain  length  is  present  in  small  amounts*  We  confirmed  that  a  tremendous 
increase  in  turbidity  occtcrs  and  found  that  it  is  essentially  proportloiial 
to  the  amount  of  alcohol  present^  so  that  Hgixt  scattering  represents 
a  very  sensitiT'ey  thou^  eumberscmiep  method  of  determining  this  Impurity* 
Wia  also  found  that  lautyl  alcohol,  lilce  other  easily  solubilized 
impurities,  induces  cdeelle  formation  appreciably  beloir  the  eoin*e*  of  the 
pure  surfactant  (l5)<> 

3*  Effect  of  counterion*  have  measured  the  effect  of  changing 
counterions  upon  the  formation  of  micelles  by  lauxyl  sulfates  and  found 
that  for  the  all«tli  metal  ions  the  e*m*c*  decreased  from  lithium  to 
ceslm  in  a  regular  manner  and  by  considerably  more  than  was  indicated  by 
previous  reports  in  the  literature  (unpublished)*  These  changes  probably 
indicate  that  the  hydrated  ions  are  less  olcsety  attached  to  the  ndoells 
and  therefore  contribute  less  to  its  formation*  Measurement  of  the 
effect  of  excess  counterions  4>resent  as  a  chloride)  shoved  ifaat  tlm 
electrostatic  interaction  is  othenrlse  unchanged  (unpublished)*  IMs  is 
as  v;ould  be  eapeoted,  but  was  in  contrast  with  some  of  the  data  in  the 
literature. 

have  also  investigated  the  effect  of  a  more  drastic  change  in 
the  nature  of  the  counterion  by  using  the  nynmotrical  quaternary  amonitan 
salts  from  tetramethyl  to  tetraon»propyl.  Here  the  Com*c*  decreases 
drastically  :dth  the  inoxuaslng  size  of  the  ion,  i>e.«  despite  a  reduction 
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of  the  eleetrostatle  interactloD  (unpabll8thed)»  This  is  also  despite 
the  increasing  xrealmess  of  these  salts  belov;  tlie  c*m*c«  which  redoees  the 
activity  of  the  monoiners  and  therefore  would  lead  to  an  increased 
stoiohicnetrie  CoTIoCo  It  can  be  explained  only  by  assurolng  a  substantial 
non-eleetrostatie  interaction  between  the  micelle  and  the  oounterlonf  and 
we  see  the  source  of  this  interaction  in  the  hydrophobic  sxnrface  of  the 
counterion  and  hydrophobic  regions  on  the  micelle*  Contact  at  these  points 
can  reduce  the  hydrocarbon-aiater  Interface  in  the  solutiono 

Uo  Effect  of  heavy  water*  We  have  also  measured  the  effect  of 
changing  the  solvent  Axxn  water  to  deuterium  oxide  and  found,  rather 
surprisingly,  no  measurable  difference  (unpublished)*  This  result  is 
interesting  in  view  of  the  fact  that  the  net  heat  of  micelUaetlon  is 
very  low,  so  that  entropy  must  be  the  main  driving  force*  It  has  been 
postulated  that  this  entropy  stems  from  the  reduction  in  ••iceberg*'  foana* 
tion  around  the  monomeric  ions*  One  roiiLd  eo^ct  that  the  different 
strengths  of  hydrogen  boxxllng  in  water  and  deuterium  oadde,  as  evidenced 
by  the  difference  in  tlielr  melting  points,  would  produce  a  significant 
difference  in  the  tendency  to  fonn  mickles,  yet  our  results  show  that 
this  is  not  the  ease,  so  that  either  the  iceberg  explanation  does  not  hold 
or  some  compensating  effects  oocttr.  The  fact  that  we  have  found  no 
difference  for  either  the  decyl  or  dodecyl  sodium  sulfates  inal®s  a 
fortuitous  componeation  rather  unlilccly. 

5*  In  connection  vdth  the  work  on  mixed  mieelles  we  have  detennined 
very  precisely  the  c*m*ce  of  mixed  sodium  decyl  and  dodecyl  sulfates, 
confLzmlng  the  previous  findings  that,  as  far  as  the  c*m*c*  was  concerned, 
these  trx)  solutes  seem  to  Interact  in  an  ideal  fashion  (17)*  Ilowsver, 
we  have  shOTjn  also  that  this  is  not  a  sufficient  criterion  of  ideally  and 
msy  result  iVom  the  compensating  effects  occurring  in  mieelles  and  in 
the  mononerio  solution  (18)<, 


Co  A.  J.  Iloeve  and  G*  C*  Benson,  J*  Ibys*  Chem.,  llU9  (1957). 
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The  Dilute  Region 

The  Interpretation  of  the  e:5X2rlmental3y  obaer^red  behavior  of 
micoUes  requires  not  on'Jy  extrapolation  to  tlieir  zero  ooocentratlonf 
but  also  a  knowledge  of  the  inodium  by  T-iiieh  they  are  then  bathed « 

Because  of  the  hnportanee  of  eleetrostatio  Interaotion*  the  nmber  and 
charge  of  the  inns  present  is  par^eularly  8ignificant«  This*  and  the 
discrepancy  betv»en  some  of  our  observations  and  the  literature^  led  us 
to  an  esqperiioental  investj^atlon  of  the  behavior  of  sodium  laxicyl  sulfate 
and  acme  other  surfactants  below  the  c»m.o«  and  into  the  most  dilute 
solutions  accessible  tdiere  the  interaction  betifeen  slrple  ions  is  better 
understood* 

Diaerlgationo  Measurements  of  oonductane  on  sodium  and  Uthim 
lauryl  sulfate  at  concentrations  below  about  10  '  M  (tMch  is  some  8  tines 
more  dilute  than  the  c*m*c«)  could  only  be  interpreted  In  terns  of  an 
aquillbrium  betiraen  the  simple,  AiUy  ionized  lauryl  sulfate  ion,  IS*, 
and  its  dimer  canylng  a  double  negative  charge,  XSa*  (10).  This  was 
eonfiimed  by  transference  measuremonts  conducted  in  Professor  Gordon’s 
laboratory  at  Toronto  where  the  necessary  equipment  and  know-how  was 
available  (11)  and  by  anaanalysis  of  a  number  of  good  measurements  in 
the  literature  (13)  • 

The  Ibmation  of  such  a  dimer  is  not  Improbable  on  structural 
grounds  since  it  permits  the  charged  he  ads  to  remain  quite  far  apart  while 
Intertifining  tails  reduce  the  water  lydrocarbon  interface  in  the  solution. 
Its  existence  affects  greatly  the  interpretation  of  data  around  the  e*m*e* 
since  it  means  that  divalent  ions  are  present  and  also  Ibat  the  activity 
of  the  stolehlometrically  present  lauryl  sulfate  is  considerably  below 
unity.  However,  the  methods  used  could  not  detexnlno  nor  predict  the 
concentration  of  the  dimer  in  the  c*m*c*  region  with  the  required 
accuracy,  and  wa  are  still  searching  for  good  methods  of  aceaDg>ll8falng 
this. 

One  way  of  approaching  the  problem  of  what  happens  In  the  dilute 
region  is  to  vary  the  length  of  the  micelle-foxvdng  ion*  He  have  therefore 
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studied  the  solutions  of  the  aodiisn  deeyX  sulfate  and  found  that,  as  far 
as  conductivity  is  concerned,  th^  did  not  show  any  appreciable  deviation 
from  ideality  (19)  o  This  is  someidiat  unexpected  because  it  would  have  been 
anticipated  that  dimers  t-iould  be  present,  althou^  in  a  smaller  proper^ 
tion  than  in  the  dodecyl  sulfate.  We  have  not  yet  been  able  to  study  the 
tetradecyl  sulfate  because  of  the  diffLcttlties  in  its  preparation  (see  above). 

2«  WoBtoese.  Ileasurements  on  lauryl  sulfates  of  silver  and  several 
quaternary  eimnonium  oompounds  shooed  that  these  salts  wera  weak,  i^e*, 
that  in  addition  to  dimerization  betoeea  similarly  charged  ions  there 
occurred  also  ion  pair  formation  between  oppositely  charged  ions  (12). 

This  again  is  not  unreasonable  in  oase  of  the  quaternary  ammonium  eonpounds 
because  of  the  hydro]^blo  surface  of  these  ions  whi^  should  tend  to 
attract  the  hydrophobic  dialn  of  the  lauryl  sulfate  ion. 

Very  recently,  quite  difficult  measurements  of  the  absolute 
oonductiviiy  of  sodlm  lauryl  sulfate  and  other  salts  in  the  presence  of 
high  concentration  of  llaCl  showed  that  sodiimi  lauryl  sulfate  does  not 
behave  as  a  simple  1-1  or  1"*2  electrolyte.  The  conductivity  of  the 
sodium  lauryl  sulfate  decreases  much  more  rapidly  xdth  increasing  IlaCl 
concentration.  We  are  tentatively  asoribing  the  results  to  the  woalcness 
of  the  dimer  and  an  equilibrium  involving  nal52*  (unpublished).  If  this 
is  confimed,  it  tjUI  further  ocmplicate  the  interpretation  of  the  staruo- 
ture  of  mlcellos  but  may  finally  bring  order  into  the  properties  of  the 
'^noRieiio”  solution  belcna  the  c.m.c.  and  also  provide  us  iTlth  some 
information  about  the  forces  acting  betcieen  the  lauzyl  sulfate  ions  and 
oounterions  which  must  be  of  the  same  xuture  as  those  involved  in  the 
foxmation  of  micelles. 


Swanary 

Thus,  work  under  this  project  has  eontaributed  new  techniques,  new 
interpretations,  and  nexx  data  which  have  considerably  olarLflod  the  facta 
about  the  behavior  of  solutions  of  association  colloids.  These  facts  show, 
hoixever,  that  the  rlcture  Is  not  as  simple  as  antloii>ated  and  that  sur¬ 
prisingly  enough,  the  main  difficulty  is  now  not  in  determining  what 
micelles  are  doing,  but  xrhat  the  "monomers"  are  doing. 


H.  I^ERSOHNEX 


As  has  been  emphasized  by  Conant,  science  is  not  on^y  the  results 
contained  In  books  and  periodicals j,  but  also  a  Tjay  of  thinldng  and  living 
of  liie  scientists*  It  is  therefore  proper  in  this  report  to  list  not 
only  the  published  or  publishable  results  obtained  under  this  contract, 
but  also  to  indicate  at  least  brieily  the  students,  reseazvb  associates, 
and  research  assistants  who  were  supported  by  it  and  some  of  their 
activities  since*  These  are  in  chronological  order* 

Horst  17*  Hoyer  was  supported  by  this  project  during  the  final  stages 
of  his  Ph«D«  study  idiile  developing’  the  tracer  electrophoresis  mettods* 

After  a  short  stay  in  industry  he  taught  first  at  North  Dakota  and  then 
moved  ‘bo  Hun-fcers  College  where  he  is  novr  Associa'te  Professor*  T^lth  the 
help  of  his  undergraduate  stidents  and  of  NSF  support  he  has  continued  an 
active  research  program  nain3y  in  colloidal  electrolytes*  last  year  he 
spent  a  year  at  Deiifleley  studying  modem  biochcedstsy  under  an  IBF  Faculty 
Fellmrehlp* 

Dirk  Stigter  came  here  for  a  year  and  a  half  after  ccoroleting  his 
preliuduiary  examinations  at  the  Dhiversi’ty  of  Utrecht,  Holland,  to  conduct 
work  toTRuds  his  thesis  to  be  suhnitted  at  that  uni-versily*  He  ccnqsleted 
the  dei/eloptient  of  the  open  tube  tracer  electrophoresis  method  and 
developed  the  sintered  disc  method  of  measuring  diffusion  coefficients* 

After  returning  to  Holland  and  obtaining  his  Fh*D*  degree,  he  spent  three 
years  the  Dutch  industry  and  then  returned  to  the  Uoi-ted  States,  first 
as  a  postdoctoral  at  -the  Ikiiversity  of  Oregon  ui-th  Professor  Terrell  IdU, 
and  nor;  is  living  in  Berkeley,  California,  x«>rking  at  the  Nestem  Regional 
labora-fcory  of  the  U,  S,  Departaent  of  Agriculture  at  Albany.  He  continues 
an  active  research  program  mainly  along  •theoretical  lines  on  electrc^ 
kinetics,  thermodynardcs  of  charged  colloidal  systenis,  lip^it  scattering,  etc. 

Robert  J»  ^dlliams,  a  student  of  Professor  Barton  at  IM versify  of 
London,  spent  a  postdoctoral  year  on  the  project  studying  the  diffusion 
of  sodium  lauzyl  sulfate  and  also  its  erlfdeal  sde^Lle  concentration*  lYom 
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heire  he  moved  to  &  postdootoral  year  at  the  Ifciversity  of  UiaeoenBin  in 
reaction  Idnctics,  and  then  rottxrned  to  En^^land  tiiere  he  is  non  teaching 
at  the  University  of  Exetero 

Qrril  I.  DiiHn,  eho  obtained  his  Ph»D»  ijith  Professor  Elton  at 
Battersea  Polytechnic  Institute  in  England,  spent  also  a  postdoctoral 
year  on  the  project  studying  the  electrophoretic  mobili-ty  of  the  sodiun 
in  solutions  of  sodium  lautyl  sulfate  and  also  de'Sercdning  its  conductivity 
over  a  Tdde  range  of  concentrations.  He  then  took  a  position  Tdth  the 
Eo  I.  du  Ibnt  de  Nemours  Company  and  spent  several  years  in  TJilmington 
before  being  transferred  to  the  British  branch  of  the  coopanyo 

Rasupati  llulcerjee  tias  si^jported  by  the  project  throu^  a  large  part 
of  his  PhoD*  studies  aiid  then  ibr  a  postdoctoral  yearo  lUs  uork  was  oon- 
oemed  tilth  the  effect  of  counterions  upon  the  critical  micelle  oonoentra* 
tion,  the  behavior  of  dilute  solutions,  and  the  calculation  of  micellar 
VDltnes*  Pkom  here  he  x^rent  fbr  a  tuo-year  postdoctoral  stay  at  the 
Brookbaven  National  laboratozles,  and  then  returned  to  India  to  beocne  a 
reader  at  the  Institute  of  the  Indian  Association  for  the  Cultivation  of 
Science  in  Calcuttao  He  has  not-i  published  tw  theorctieal  papers  on 
ionic  volumes  and  entropies  and  is  actively  pursuing  a  research  program 
dealing  largely  witb  colloidal  electrolytes* 

H*  L*  ftdnoen  came  here  to  conduct  research  lork  towards  his  Hi.D* 
degree,  which  he  received  later  from  the  Uhiversity  of  Utretdit,  Holland* 

He  studied  light  scattering  from  a  theoretical  and  erzperlmexAal  point  of 
view*  After  returning  to  Holland,  where  he  oonpleted  his  mllltaxy  service 
doing  mostly  research  on  light  scattering,  he  took  a  position  with  the 
U.  S*  Department  of  Agriculture  laboratory  in  Peoria,  rUinols,  where  be 
cooducting  research  on  pignente  and  emulsions* 

Mrs*  Pu  ICc^uan  nas  a  part-tij>ie  research  assistant  on  the  project 
after  obtaining  her  11*8*  degree  at  the  IMversity  of  Southern  Calif omlB 
and  before  returning  to  the  Philippines  xd-th  her  husband  who  Is  ixnr 
teaching  at  the  Itaiverslty  of  the  rhilippines*  She  was  concerned  with 
precise  conductivity  neasurenente  and  the  preparation  of  several  alkali 
metal  lauzyl  sulfates* 
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H,  J*  Otter  spent  tw  years  as  a  postdoctoral  her©  after  obtaining 
his  Ph«D,  from  the  T^vopsity  of  Reading,  England.  His  principal  effort 
T»as  the  preparation  of  sodium  deoyl,  laiiryl  and  tetradecyl  salfates  and  in 
the  study  of  the  mixed  micelles  of  sodium  docyl  and  dodecgrl  sulfates.  He 
has  nmf  returned  to  England  to  a  research  position  uLth  Isqpexial  Chenleal 
Industries  at  Billin(jban» 

Saultf  Idulevicius  Balubinskas  has  begun  her  study  towards  a  M*S. 
degree  Tilth  the  support  of  this  project.  She  is  a  graduate  of  liundelein 
Collego  In  Chicago  where  during  her  junior  year  she  wn  the  first  prise 
in  the  essay  category  of  the  Continental  Oil  Contpany  Contest  in  Colloid 
and  Surface  Chemistry  for  19^9.  Her  research  is  concerned  with  the  hi(^ 
vacuun  purification  of  sodium  tetradecyl  sulfate  and  the  bdiavior  of  its 
alcoholate. 

Dr.  Estella  K.  Ifysels  has  been  for  a  short  time  a  postdoctoral 
research  associate  on  a  part-tiine  basis  under  the  project  and  has  been 
studying  the  conductivity  of  sodium  lauryl  sulfate  in  hi^  HaCl  concentra¬ 
tions. 


The  great  effect  that  continued  support  during  the  early  stages  of 
his  academic  career  had  on  the  principal  investigator  can  perhaps  be  best 
Indicated  by  the  fact  that  several  grants  and  contracts  that  have  sigiported 
his  research  since  irere  concerned  xiith  work  criginating  under  the  present 
contract.  These  are  an  IHH  grant  for  the  study  of  serum  albunin  by  tracer 
electrophorosis,  an  IBF  grant  for  the  development  of  eleotrodlf fusion,  and 
to  a  considerable  extent  a  PRF  grant  and  an  OSR  oontract  for  the  study  of 
soap  films.  Another  important  effect  of  the  contract  was  that  it  gave 
him  tho  invaluable  opiportunlty  to  associate  with  and  learn  from  these 
collaborators  on  the  pirojeot. 


m.  IJST  OF  PDBLIGATIONS 


(1)  K,  J.  I'^els  and  D*  Stigter,  "A  New  Method  of  Meastaring  Diffusion 

Coefficients,”  J.  Hijrs.  Chan*,  lOU  (19^3);  based  on  T.  R*  1, 

(2)  H.  W.  Hoyer,  K*  J*  I'^els,  and  D*  Stigter,  ”Trac^  Electrophoresis* 

I*  Free  liquid  Method,”  J#  Ehcrs.  Chean,,  38^  (195U)|  distributed 
as  T*  R*  2* 

(3)  D*  Stigter,  R*  J.  UUliams,  and  K*  J*  I-^els,  "Micellar  Self  Diffusion 

of  Sodium  lauxyl  Sulfate,”  J*  Phys,  Chan#,  330  (19^5) I 
distributed  as  T*  R.  U* 

(U)  R*  J«  VTiUiams,  J*  H.  Phillips,  and  K*  J.  I^els,  The  Critical  Conoen* 
tratlon  of  Sodium  Laioyl  Sulfate  at  29®C*,”  Trans*  Faraday  Soc«, 

£1,  723  (1955) J  distributed  as  T*  R*  3* 

(5)  K*  J*  l^els  and  H*  W*  Hoj^er, ’Tracer  Electrophoresis*  17*  Modified  Brady 

Method,"  J.  Phys.  Chem*,  1119  (I955)j  distributed  as  T.  R,  7* 

(6)  K*  J,  ^1sr8els  and  C*  I*  Dulin,  ”Traeer  Electrophoresis*  III*  The  Mobility 

of  the  Na^  Constituent  in  Sodim  lamyl  Sulfate  Solutions,"  J*  Colloid 
SoU,  JO,  U6l  (1955). 

(7)  K*  J*  llysels,  "Charge  Effects  in  lA^t  Soatterixig  by  Association 

Colloidal  Electrolytes,”  J*  Colloid  Sci,,  10,  507  (1955)  J  with 
tables  distributed  as  T*  R*  3* 

(8)  K*  J.  I-lysels,  "Electrodiffusions  A  Fluctuation  Method  for  Measuring 

Reaction  Rates,"  J*  Chem*  Ihj's*,  371  (1956)  |  distributed  as 
i!  *  R  *  6* 

(9)  L*  H,  IMncen  and  K*  J.  I^ysels,  "light  Scattering  by  Ideal  Colloidal 

Electrolytes,"  J*  Colloid  Sci*,  J2,  59U  (1957)5  distributed  as  T*  R,  9* 

(10)  P*  llukerjee,  K*  J*  Israels,  and  G*  I,  Dulin,  "Dilute  Solutions  of 

^^i:q;Mpathic  Iocs.  I*  Conductivity  of  Strong  Salts  and  Dlmerisation," 

J.  Phys.  Chem*,  1390  (1958)t  manuscript  distributed  as  part  of 
T,  R,  10, 
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(11)  P,  Mukerjee,  "Dilute  Solutions  of  Anphlpathlc  Ions*  !!•  Transference 

of  Lamyl  Sulfate  in  Sodim  lauryl  Sulfate,"  Jo  Phsrs.  Chem*,  jte, 

1397  (1958) I  manuscript  distributed  as  part  of  To  Ho  10. 

(12)  Po  Mukerjee  and  K.  J*  1-^els,  "Dilute  Solutions  of  Amphipathlc  Ions# 

nio  Conductivity  of  Weak  Salts,"  J.  Rigrsc  Chem,,  lljDO  (1958)j 
manuscript  distributed  as  part-  of  T,  R,  lOo 

(13)  Po  Mukerjee,  "Dilute  Solutdons  of  Amphipathlc  Ions.  IV.  Some  General 

Effects  of  Dimeriaation,"  J.  Physo  Chem.,  62a  lUcU  (I958)j  manuaeripfc 
distributed  as  part  of  T,  R.  10. 

(lU)  K.  Jo  l^ysels  and  L,  H.  Princen,  "li^t  Scattering  by  Some  lauryl  Sulfate 
Solutions,"  J.  Phys.  Chem,,  1696  (1959) |  manuscript  and  details 
of  eacperimental  procedures  and  calculations  distributed  as  part  of 
T.  R*  11, 

(15)  Lo  Ho  Princen  and  K.  J#  I-ysels,  "Some  Effects  of  La\ayl  Alcohol  on 

Il^t  Scattering  by  Sodium  lauryl  Sulfate  Solutions,"  J,  Physo  Chcm,, 
1781  (1959)}  manuscript  and  details  of  experimental  procedures 
and  calculations  distributed  as  part  of  T,  R.  10. 

(16)  Ko  J.  l”5rsels,  "Improvements  in  the  Design  of  Conductivity  Cells,"  J, 

Fbys.  Chemo,  108l  (1961  )j  manuscript  distributed  as  T,  R,  13, 

(17)  K.  Jo  I'^els  and  R,  J,  Otter,  "Conductivity  of  Mixed  Sodium  Decyl  and 

Dodecyl  Sulfates  The  Composition  of  Mixed  Micelles,"  J,  Colloid 
Scio,  \6,  U62  (I96l){  manuscript  and  tables  of  data  distributed  as 
part  of  To  R.  lU. 

(18)  Ko  Jo  I^sels  and  R,  J,  Otter,  "Themodynamie  Aspecte  of  Mixed  Micelles 

—Aijplication  to  an  Rnplrically  Established  Equilibrltim,"  J.  Colloid 
Scio,  Jj6,  U7U  (1961)}  manuscript  and  tables  of  data  distributed  as 
part  of  To  Ro  lUo 

(19)  K,  Jo  lysels  and  P.  Kapauan,  "Electric  Conductivity  of  Sodium  Decyl 

Sulfate  Solutions,"  J,  Colloid  Scl,,  J[6,  U8l  (1961)}  manuscript  and 
tables  of  data  distributed  as  part  of  T.  R,  llu 
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RdLated  pabllcatlonst  The  follouix]^  article  is  elo8e3;{r  related  to  xiork 
on  this  project!  K*  J.  I^sels^  '’Tacking  the  Elusive  HieeUSf"  Reseaarefa 
Reviews,  Sept,,  p*  l5, 

Pature  publioationst  The  following  material,  described  in  Section  I,  is 
ready  for  publication,  but  the  manuscripts  have  not  yet  been  prepared, 

A,  "I'H.ce31ar  density,”  by  P,  llukerjee.  The  original  manuscript 

formed  T.  R,  12  ani  is  now  being  revised  radically, 

B,  ”The  effect  of  counterions  on  the  critical  sdc^le  conc^tiration,” 

by  Po  Ifukerjee,  K,  J,  I^sels,  and  P,  Kapauan,  Bart  of  this 
material  is  in  P,  Mulcerjee*s  thesis  (BBC,  1957),  and  it  is  hoped 
that  the  tihole  will  be  written  up  in  the  near  Ititure, 

C,  "Hie  effect  of  deuterium  oxide  on  the  eritieal  arieelle  eoneesDtnt- 

tion,”  by  P,  Iluloerjee  and  P,  Kapauan,  It  is  hoped  that  this 
tdll  be  written  iq)  soon. 

The  foUoulng  material,  also  described  In  Section  I,  is  not  yet  oonplste 
enough  to  plan  a  manuscript,  but  presumably  Trill  reach  that  stage  within  a 
year  or  sot 

D,  "Purification  of  alkyl  sulfates  by  a  hi^  vaeum  teohniqus,”  by 

Ko  J,  I'^els  and  S.  Balubinskas* 

E,  "Conductivlmetrlo  studies  of  soditn  lauzyl  sulfate  in  the  presenoe 

of  RaCl,”  E,  K.  I'^els  and  K,  J,  I-ysels, 


IV.  TECHNICAL  BEPORTS 


T»  R*  1  •  Neo  Itethod  of  Detennlning  Dlffaslon  Coefficients* 

K*  J*  I^jrsels  and  D*  Stigter,  June  1S$2* 

Published  in  part  as  paper  (1). 

T*  R*  2  -  tracer  Eleetrophoresis*  I*  Free  Liquid  Method* 

H*  T‘7*  Hoyer^  X.  J*  I-ltsrselSf  and  D*  Stlgter,  June  ^95h» 

PdblLshed  in  part  as  paper  (2)* 

T*  R«  3  *  The  Critioal  IHeeUe  Concentration  of  Soditsi  lauiyl  Sulfate  at 
25®C. 

R*  J*  T-ttUiatns,  J.  N.  Phillips,  and  K.  J.  ^^Is,  liay  ^9$$. 
Published  as  paper  (U)  * 

T*  R*  U  *  tHeellar  Self  Diffusion  of  Sodixaa  lauzyl  Sulfate. 

D*  Stigter,  R*  J*  HiUiains,  and  K*  J*  I^fsels,  (lay  i9$$» 
Published  as  paper  (3). 

T*  R*  5  *  Tracer  Eleetrophoresis*  III*  The  Nobility  of  the  Na*^  OonstitusiDi 
in  Sodiun  lauxyl  Sulfate  Solutions* 

K.  J*  l^ele  and  C«  I*  Dulin,  October  19^* 

Published  as  paper  (6). 

T*  R*  6  •  Electrodiffusion  I  A  Fluctuation  Method  for  Measuring  Rsaotion  Rates* 
K.  J*  I'^jrsels,  Febroocy  19^6. 

Piibllahed  as  pq^er  (8)* 

T*  R*  7  -  Tracer  EXsotrophoresis*  17*  Itodlfled  Brady  Method* 

K*  J*  I-^els  and  H*  W*  Hoyer,  October  1?^5* 

Published  as  paper  (5)* 

T*  R*  8  •  Charge  Effects  in  Ll^t  Scattering  by  Association  Colloidal 
Elactrolytes* 

K*  J*  lys^s,  DeeoBiber  19^5* 

Published  as  peqjer  (7)* 
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T.  R.  9 


2h 

-  Zdg^  Scattering  by  Ideal  Colloidal  Eleetrolytos* 

!•  H.  Frincsn  and  K«  J.  Febrtiazy  19^8. 

Pobliidied  as  paper  (9)* 

T*  R.  10  *  Dilute  Solutions  of  Amptiipathie  lons^  Septeraber  1957  • 
lo  Conduotivity  of  Strong  Salts  and  Oimerisation* 

P«  Mukerjee^  R*  J.  I^els,  and  C*  I.  Dolln* 

II.  Itansferenee  of  lauxyl  Sulfate  in  Sodiim  Lauxyl  Sulfate. 

P.  I-takerJee. 

HI.  ConduotivLty  of  IJisak  Salts* 

P«  Mukerjee  and  E.  J.  I-^ysels. 

17.  SooieiQenexal  Effects  of  Dlnierisation* 

P.  Ihikerjee. 

Published  as  papers  (10),  (11),  (12)  and  (13). 

T.  Ro  11  •  ti^it  Scattering  lay  Solutions  of  lauxyl  Sulfates. 

E.  J.  rilysels  and  L.  H.  Prineen,  Septcsijer  1958. 

Pdbliahed  as  paper  (11). 

T.  R.  12  •  Density  of  Ilicelles  of  AssoelatLon  Colloidal  Electrolytes. 

P.  Hukerjee,  January  1959. 

T.  R.  13  •  laprovements  in  the  Design  of  Conductivity  Cells. 

E.  J*  I^els,  August  i960. 

Published  as  paper  (16). 

'i'«  R.  ll(  •  Conduotivlffletrie  Studies  in  the  Sodixan  Deeyl-Dodeeyl  Sulfates 
Systen,  October  I960. 

I.  Conduetlvity  of  IUxed  Sodiun  Deoyl  and  Dodeeyl  Sulfates 
—  Ibe  Coeqaosltion  of  Rixed  Kieelles* 

E.  J.  Iiysels  and  R.  J.  Otter. 

U.  Thexnodynanic  Aspects  of  Ittxsd  Ilicellss  —  Application  to 
an  Eta^Jlrloally  Establisbsd  Eqailibrim. 

E.  J.  I^ele  and  H.  J.  Otter. 

m.  Electric  Conductivity  of  Sodiim  Deoyl  Sulfate  Solutions. 

K.  J.  I^ysels  and  P.  Eapeuan. 

Published  as  pc^iers  (17),  (18),  and  (19). 
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